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ABSTRACT 

(Secret) 

This  report  eacplores  the  use  of  HF  hackscatter  radar  in  conjunction 
with  an  artificial  ionosphere  obtained  by  fonning  an  electron  cloud  at 
E  layer  altitudes.  An  ocean  surveillance  experiment  is  suggested  aimed 
at  obtaining  over-the-horizon  HP  radar  coverage  of  ships  a  few  hundred 
miles  from  the  radar  site. 


PROBLEM  STATUS 

This  is  an  interim  report  on  the  problem.  Work  on  other  phases  of 
the  problem  is  continuing. 


ACTHORIZATION 

Project  RF  001-02-41-4007 
NRL  Problem  R02-23C 
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IHTRODUCTION 

There  is  current  interest  in  using  surface  wave  propagation  with  a 
ship  mounted  HF  radar  as  a  means  for  detecting  low  altitude  aiirhome  targets; 
such  a  system  might  provide  over  the  horizon  coverage  out  to  100  nmi.  A 
surface  wave  radar  with  such  a  capability  will  also  be  an  effective  skywave 
radar  part  of  the  time,  that  is,  during  the  middle  daylight  portion  of  many 
days  the  radar  will  be  able  to  detect  aircraft  out  in  the  500  to  700  nmi 
region  using  the  ionosphere  for  refraction.  The  existence  of  this  potential 
suggests  that  means  for  artificially  creating  a  refracting  ionosphere  is 
worth  investigation. 

Also,  recent  developments  in  hf  radars  and  their  over-the-horizon 
capabilities  has  led  to  consideration  of  their  use  in  detecting,  tracking 
and  possibly  identifying  stationary  and  slow  moving  targets  such  as  ships 
at  sea,  cities,  mountains,  sea  state  and  other  geogri^hical  features.  The 
desirability  of  such  a  capability  is  obvious.  SMp  traffic  surveillance 
over  large  areas  of  the  ocean  could  be  acccnplished.  Stationary  geographical 
features  could  be  used  as  radar  calibration  signals  for  both  range  and 
anplitTide  in  the  study  of  natural  phenomena  as  well  as  for  detection  of  man¬ 
made  targets. 

The  possibility  of  attidning  this  capability  by  relatively  minor 
modifications  to  existing  radars  and  in  radar  systems  currently  in  the 
planning  or  construction  phases  is  extremely  attractive. 

Normally  over-the-horizon  radars  attain  loDg  range  capability  by  xisiiig 
the  ionosphere  as  the  propagation  medium.  The  ionospheric  refractive 
properties  are  used  to  bend  HF  radio  waves  back  toward  earth  for  purposes 
of  coanunication,  target  detection,  etc. 

This  report  will  explore  using  HF  backscatter  radar  signals  with  a 
simulated  ionosphere.  The  simxilated  ionosphere  will  consist  of  an  electron 
cloud  released  at  E-layer  altitudes  for  the  purpose  of  reflecting  radio 
waves  back  to  the  earth.  The  obvious  advantage  of  obtaining  long  range 
radar  capability  independent  of  the  ionospheric  conditions  is  one  of  the 
objectives  of  the  proposed  technique.  Also  range  of  frequencies  available 
for  over-the-horizon  use  can  be  extended  by  a  factor  of  two  or  more. 
Improvement  in  over-the-horizon  radar  capability  and  ccnanunication  in  the 
auroral  zone  is  also  a  strong  possibility.  Other  more  specific  operational 
advantages  will  be  discussed  in  detail  later. 

BAPAR  CHABACTERISTICS 

In  principle,  given  the  prcper  characteristics  the  type  of  radar  system 
used  can  be  coherent  pulse  doppler,  continuous  wave  doppler  or  the  frequency 
modulated  Chirp-type  radar. 
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There  are  in  existence  a  number  of  HF  coherent  pulse  floppier  raflars  of 
proven  high  performance  anfl  which  are  properly  locatefl  anfl  can  be  mafle 
available  for  experimentation.  For  this  reason,  the  rest  of  this  report 
will  only  consifler  this  type  of  raflar.  However,  the  analysis  can  quite 
easily  be  translatefl  into  terms  applicable  to  both  C.W.  anfl  F.M.  raflar. 

The  coherent  pulse  floppier  raflar  can  make  measurements  of  signal 
accplitufle,  slant  range  anfl  floppier  frequency.  Assuming  that  an  unambiguous 
slant  range  is  flesirefl  then  the  maximum  unambiguous  floppier  frequency 
becomes  half  the  pulse  repetition  rate  required  for  that  range.  This  should 
not  prove  to  be  a  serious  limitation  for  a  target  whose  maximum  speed  is 
that  of  a  surface  ship. 

In  general  two  kinds  of  discrimination  are  used  for  detectim,  namely, 
anplitufle  discrimination  anfl  floppier  frequency  discrimination. 

Amplitude  Discrimination 

Recent  reports  have  indicated  that  stationary  anfl  near  stationary 
targets  can  be  detected  anfl  identified  by  amplitude  discrimination  alone. 

A  study  made  by  J.6.  Steele^  showed  that  over-the-horizon  backscatter 
reflections  from,  land  areas  are  10  decibels  flcsm  in  amplitude  from  similar 
reflections  from  sea  areas,  the  sea  state  not  being  specified.  A  report 
by  the  Electro  Physics  Laboratory  of  I.T.T.  indicates  that  mountainous 
regions  and  cities  can  be  detected  by  amplitude  discrimination  and  can  be 
distinguished  from  surrounding  environments  of  either  land  or  sea.^  For 
example,  detection  of  islands  in  the  Caribbean  Sea  have  been  attributed 
to  reflections  from  the  mountains  on  the  islands.  Detection  probability 
for  both  the  cities  and  mountains  was  of  the  order  of  205^.  Cross  sections 
are  of  the  order  of  1  X  10^.  Dr.  L.  Wetzel  of  the  Institute  for  Defense 
Analyses  recently  explored  the  possibility  of  distinguishing  forests  from 

rirtue  of  the  vertical  tree  trunk  gecmetry.3 
HF  backscatter  frem  trees^,  ground^  and 


In  principle,  if  the  ground  area  being  illuminated  by  the  radar  can 
be  resolved  into  small  enou^  cells,  thep.  targets  with  large  differences 
in  reflection  coefficient  can  be  distinguished  from  one  another.  The 
minimum  size  of  the  radar  cell  depends  on  the  radar  azimuthal  beamvddth 
and  the  pulse  width.  The  cross  section  observed  in  the  absence  of  noise 
depends  on  the  size  of  the  cell  being  examined  and  the  power  reflection 
coefficient  or 

a  «  (P.W.y  (r)  (e)  (ao) 

where  a  -  radar  cross  section  of  the  backscatter  clutter  in  the  radar  cell. 


surrounding  flat  terrain  by  • 
Other  studies  concerned  with 
buildings^  have  been  made. 
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PoW.  =  pulse  width  in  radar  distan^'^e 
R  a  average  slant  range  to  illTMinated  area 
0  =  beamwidth  in  radians 
CTO  =  reflection  coefficient. 

Measured  values  of  cto  have  been  niade  by  I.T.S.A.  and  Naval  Research  Laboratory 
and  fall  between  1  X  10"2  and  1  X  10-3.  Assume  cto  =  5  X  10“3  for  purposes  of 
calculation. 

There  are  tliree  HF  radars  located  in  the  United  States  which  are 
currently  examining  the  problem  of  over-the “horizon  detection  of  stationary 
and  near»stationary  targets.  These  ai^e  the  Madre  radar  at  Naval  Research 
Laboratory,  Washington,  DoC.,  the  Chapel  BeDJL  radar  at  the  Electro  Physics 
Laboratory  of  I.T.T.  near  Washington,  L.C.  and  an  I.T.S.A.  radar  located 
near  Boulder,  Colorado. 

The  Madre  radar  has  not  been  able  to  discriminate  via  an^iitude  alone 
geographical,  features,  sea  state,  etc.  It  uses  beamwidths  of  10°  to  30° 
and  a  pulse  width  of  300  psec.  Assuming  an  average  slant  range  of  1200  km 
for  over-the-horizon  distance  to  the  radar  cell,  the  illuminated  area 
becoaes  approximately  lO-^Qu^  for  10°  beamwidth  and  3  X  lOiQa^  for  30°  beam- 
width.  The  minimum  cross  section  for  the  10°  beamwidth  is 

ct(10°)  =  CTO  (illuminated  area)  =  5  X  lO”^  X  =  5  X  lo'^i^.  This 
becomes  larger  than  10^^  for  30°  beamwidth. 

Targets  of  sizes  near  1  X  lO^r^  woxild  contribute  about  0.1^  to  the 
total  anplitude.  If  we  further  consider  that  in  the  normal  backscattered 
signal  fades  of  the  order  of  20  dB  are  ccmraon,  then  we  must  conclude 
an^jlitude  disorimination  is  not  possible  with  this  radar.  With  larger  slant 
ranges  everything  becomes  worse. 

The  Madre  radar  is  capable  of  using  pulse  widths  of  15  microseconds. 

In  this  case  a  1  X  1Q%^  target  would  contribute  a  maximum  of  about  10?^  to 
the  total  amplitude.  When  the  magnitudes  of  the  fades  are  considered,  it 
is  doubtful  if  the  probability  of  detection  could  be  raised  to  a  suitable 
value  without  extensive  changes. 

For  the  I.T.T.  Chapel  BeU.  radar,  0  =  3°,  pulse  widths  vaiy  from  10  to 
50  microseconds.  A  ccmputation  similar  to  that  made  for  the  Madre  radar 
yields. 

a  (10  microsecond  pulse)  =  5  X  lO^m^ 
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A  target  whose  size  is  IO'^dT  would  add  a  substantial  amount  to  the  anplitude 
in  this  radar  cell,  but  the  detectability  would  be  degraded  by  the  normal 
fading  rate.  Frcm  a  statistical  point  of  view  detection  should  probable. 
It  all  reduces  to  the  probability  of  detecting  6  decibel  changes  amplitude 
in  the  presence  of  slow  20  decibel  fades.  For  the  50  microseconds  pulse 
width,  detection  would  be  marginal,  at  best. 

For  the  I.T.S.A.  radar,  9^2*^  and  the  pulse  wijdth  is  fixed  at  300 
microseconds.  Computation  yields 

o  =  1  X  loV 


5  2 

and  detection  of  a  10  m  target  would  be  Improbable.  I.T.S.A.  has  not 
reported  discrimination  of  geographical  features,  sea  state,  etc.,  from 
anplitude  discrimination  alone. 

In  summary,  the  three  radars  cited  are  not  capable  of  a  high  probability 
of  detection  by  amplitude  discrimination  alone.  Improvements  Can  be  made 
by  narrowing  the  pulse  width  or  beamwidth. 

Pulse  widths  can  be  narrowed  below  10  microseconds,  but  other  problems 
arise.  As  the  pulse  grows  narrower,  the  required  bandwidth  becomes  larger 
and  eventually  the  ambient  noise  interference  will  limit  the  improvements 
that  can  be  attained.  In  addition  degradation  of  the  pulse  width  by  the 
iemosphere  will  be  a  limitation  when  such  degradation  beccaies  an  appreciable 
part  of  the  pulse  width. 

Bearwldth  narrowing  is  probably  limited  to  about  1°  absolute  value, 
so  that  appreciable  improvement  will  only  occur  for  the  NRL  case  and  tend 
to  make  detection  marginal. 

It  appears  that  improvements  could  be  made  which  would  result  in  total 
gain  of  about  one  order  of  magnitude  but  with  substantial  effort  and  cost. 

Doppler  Frequency  Discrimination 

Even  if  amplitude  discrimination  were  to  yield  satisfactorily  high 
probabilities  of  detection  after  further  inprovements,  it  would  seem  desirable 
to  investigate  techniques  in  which  the  backseatter  signal  fream  a  small  target 
would  not  have  to  cenpete  with  the  ground  backscatter  dlutter  which  is 
normally  present  in  over”the”horizon  radars.  One  well  knosn?'  technique  is 
spectrum  analysis  of  the  backscatter  signals.  The  technique  has  been  used 
successfully  by  various  groups  to  distinguish  between  fast  and  slow  moving 
targets.  The  Naval  Research  Laboratory  Madre  radar  monitors  aircraft 
traffic  and  missiles  regularly  via  over-the-horizon  radar  in  the  presence 
of  backscatter  clutter  whose  amplitude  is  often  several  orders  of  magnitude 
larger  than  the  detected  target  at  the  same  range.  In  addition  to  providing 
a  signal  which  doesn't  cempete  with  the  clutter,  dcppler  frequency  measure¬ 
ments  yields  accurate  relative  velocity  information.  , 
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Ihe  dynamic  range  req,uirsd  to  detect  cnisll  cigaals  in  the  preserice 
of  large  signals  has  already  been  attained,  so  all  that  is  required  is 
that  the  motion  of  the  desired  target  be  distinguishable  from  the  motions 
which  are  normally  observed  by  over-the-horison  backscatter  radars. 

These  are  due  pi-imarily  to  ionospheric  motions,  perhaps  complemented  by 
motions  of  natui’al  objects  on  the  groiuid  or  sea;  for  example,  sea  waves. 
Airplane  velocities  and  missile  velocities  are  clearly  much  higher  than 
these  naturally  induced  motions  except  near  broadside  aspect  angle.  It 
has  not  been  clear  that  ship  doppler  frequencies  are  outside  the  band  of 
doppler  frequencies  arising  from  natural  phenomena. 

It  has  teen  kcown  for  a  number  of  years  that  the  ground  (or  sea) 
backscatter  in  EF  radar  is  characterixed  by  amplitude  fading,  generally 
attribute-!  to  ionospheric  motions,  which  can  be  analyzed  as  a  band  of 
d.ppler  frequencies.  Until  recently  it  had  been  believed  that  this  band 
of  frequencies  extended  from  zero  doppler  frequency  to  about  4  or  5  hertz 
where  it  was  some  60  decibels  down  from  the  peak  which  presmably  occurred 
at  zero  doppler  frequency.  On  the  basis  of  this  belief,  rejection  notch 
filters  with  an.  inverse  characteristic,  i.e.,  maximxmi  rejection  at  zero 
doppler  frequency,  have  been  built  and  used  successfully  to  reject  the 
large  amplitude  backscatter  echoes  from  zero  to  five  hertz.  Notches 
have  had  more  than  80  decibels  of  rejection  at  the  carrier  frequency  (zero 
doppler  frequency)” 

Recent  doj^sler  frequency  analyses  of  ground  backscatter  have  indicated 
that  the  spectrum  lies  in  an  intei-val  of  +  3  hertz  from  the  carrier  but 
doesn't  necessarily  peak  at  zero  doppler  frequency.  It  shows  the  signal 
peaking  at  a  point  somewhere  in  the  interval  of  +  3  hertz  from  the  carrier, 
but  only  about  0.5  hertz  wide  some  30  decibels  down  on  the  skirts.  There 
are  indications  that^or  appreciable  times  the  spectrum  stays  quite  narrow 
down  to  60  decibels . ^  The  exact  spectral  position  of  the  peak  can  vary 
considerably  in  the  frequency  interval  over  a  few  hours,  and  occasionally 
the  spectral  widtiC.(at  30  db  down)  attains  a  width  of  one  hertz,  but 
normally  the  position  peak  is  fairly  stable  over  intervals  of  several 
minutes . 

Freq'uently  the  spectinmi  analysis  shows  two  peaks,  often  symmetric 
in  both  frequency  and  amplitude  around  the  carrier.  The  double  peak 
phenomenon  tog  been  attributed  to  ocean  wave  motion  by  some  observers. 
Others  have  attributed  it  to  wave  motion  in  the  ionosp’here.  In  either 
case,  a  slow  target  moving,  for  example,  at  3O  knots  would  show  up  as  a 
3  hei'tz  oign&l  at  3O  MHZ  carrier  frequency.  The  signal  woii3.d  be  offset 
fr-Jm  the  gimmd  backscatter  signal  and  would  not  directly  compete  with 
it,  but  would  only  compete  with  the  noise  in  the  band.  The  bandwidth 
then  can  be  narrowed  to  a  value  consistent  with  the  best  balance  between 
improved  signal  to  noise  ratio  and  range  resolution. 


5 


SECRET 


SECRET 


Recently^both  IIRL  and  ITSA  have  shown  doppler  frequency  analyses  of 
nackscatter.^Q  From  the  ITSA  study,  it  was  obvious  that  much  more  work  will 
have  to  be  done  before  any  positive  statements  can  be  made  regarding  the 
identification  of  land  versus  sea  areas  by  doppler  analysis. 

Based  on  the  ML  and  ITSA  spectrum  analyzed  data,  Dr.  L.  Wetzel  made 
a  study  in  which  he  shewed  the  desirability  of  further  exploring  the  concept 
of  doppler  discrimination  as  applied  to  ship  detection. 

EXPERIMENTAL  TECHNIQUE 

For  examining  ships  at  sec  for  surveillance  purposes,  it  would  be 
desirable  to  define  the  ship  characteristics  uniquely  so  that  a  target 
could  be  recognized  as  a  ship  on  the  radar  display. 

For  this  purpose  it  is  proposed  that  an  artificial  electron  cloud  be 
used  as  a  reflecting  surface  to  examine  a  moving  ship  via  over-the-horizon 
radar.  If  such  a  scheme  is  attempted  and  is  even  partially  successful, 
there  are  enou^  bonuses  to  be  gained  from  the  side  issues  to  make  it  worth¬ 
while  even  if  it  establishes  that  ship  siurveiUance  is  unfeasible.  The 
bonuses  will  be  apparent  in  the  discussion. 

The  artificial  electron  cloud  will  be  used  in  place  of  the  natural 
ionosphere.  It  will  be  a  highly  reflecting  cloud  in  the  HF  band  with  an 
instantaneous  fading  rate  appreciably  lower  than  that  of  the  noxroal 
ionosphere.  It  should  be  stable  for  several  minutes  if  properly  placed 
even  under  adverse  circumstaiices.  It  can  be  used  at  night  when  noise 
levels  are  appreciably  lower  near  the  high  end  of  the  HF  band  and  can  be 
used  at  frequencies  at  least  up  to  50  MHZ  and  possibly  as  high  as  100  MHZ 
if  even  lower  noise  levels  are  desired.  If  it  is  used  during  the  daytime, 
solar  flux  will  photoionize  some  of  the  release  products  and  add  several 
minutes  to  the  cloud  life,  up  to  thirty  minutes.  It  will  effectively  act 
as  a  large  flat  plate  reflector  for  several  minutes.  15#  16 

In  the  ideal  case,  where  there  is  no  cloud  motion  (no  fading  rate), 
any  fluctuations  will  be  due  to  ground  targets  and  the  target  characteristics 
can  be  determined.  For  example,  a  target  ship  can  be  made  to  maneuver  and 
its  cross  section  and  doppler  frequency  spectrum  can  be  measured  as  a 
function  of  the  polarization  angle  or  aspect  angle,  etc.,  of  the  incident 
wave.  It  is  likely  that  the  ground  or  sea  clutter  will  be  of  larger 
amplitude  than  that  of  a  ship.  Doppler  analysis  can  be  used  to  distinguish 
between  the  clutter  and  the  ship  whenever  the  ship  velocity  relative  to  the 
incident  wave  is  high  enough  to  place  the  doppler  frequency  outside  that  of 
the  clutter  which  in  practice  will  have  a  finite  bandwidth. 

In  the  event  it  is  discovered  that  the  reliability  of  ship  detection 
is  not  improved  because  of  ccxnpeting  motion  in  the  backscatter  sigial, 
useful  information  can  be  uncovered  about  the  ai’ea  of  illumination.  For 
example,  the  clutter  amplitude  measurements  end  doppler  frequency  measurements 
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sbouM  mske  clear  if  laM  azid  &&&  clutter  cm  be  distis^gulahed  fzm  one 
another  via  dogger  fr<s^ue2ics;f  anaJ^sis  or  froK  amplitude  anaSygis,  since 
the  motionless  reflector  %111  not  produce  the  deep  fades  characteristic 
of  the  normal  ionospheric  propagation  >  Xt  should  therefore  he  easier  to 
distinguish  amplitude  differences  of  6  dh  since  those  vill  no  longer  he 
complicated  by  gimultaneoug  20  db  fluctuations.  Reflections  therefore 
from  mountains  on  islands  should  be  dlsting'Jishable  both  by  reason  of 
anq^tude  and  sero  doppLer  if  the  rsdar  cell  is  sniall  enough.  Ry  the  seme 
token  sea  wave  motion  should  be  measurable  via  dcppler  frequency  analysis, 
so  that  some  characteristics  of  the  sea  state  should  be  measurable. 

The  above  analysis  is  an  idealisation  of  the  true  conditions.  All 
evidence  IMlcateij  that  motions  do  eaelst  in  released  electron  clovds  and 
that  at  times  fading  rates  via  doppler  frequ@acy  analysis  can  approach 
those  observed  in  natural  ionospheric  propagation,  j^wever,  most  of  the 
time  the  fading  rate  is  less  than  that  of  the  natural  ionosphere,  i.e., 
of  the  order  of  tenths  of  a  herts  with  a  very  narr^v  spectrum.  If  this 
fading  rate  becomes  a  problem  in  the  proposed  experiment,  it  can  be  dealt 
with  at  least  partially  by  comparing  the  direct  reflection  from  the 
electron  cloud  to  the  receiver  to  the  reflectien  receive  from  the  ground 
beyond  the  cloud  to  the  receiver.  The  gr^ound  baskscatter  should  have  some 
motions  directly  ass^jclated  with  the  cloud  xBotions  and  by  judiciotis  use  of 
delays,  the  two  received  signals  can  be  ccmpared  directly  and  similar 
notions  csae&llei  by  already  established  tsclaiques.  The  net  sigaal 
return  then  wTuld  have  a  larger  percentage  of  ground  target  Information 
in  it  than  slMl&r  bi-ckscatter  studies  via  the  natural  ionosphere. 

An  elestrcja  clo^cS  payload  launched  Wallops  Island  and  reles-ed 
at  100  km  altitude  wo'rld  provide  near  optimum  oyaditions  for  exploration 
of  the  technique  by  both  the  Chapel  Bell  radar  and  the  Msdre  radar.  The 
SUSA  radar  wo'uhi  have  the  opport'anity  of  f*5bs®r\’8.ticn  in  the  one  hop  over- 
the-iK^rlzca  mode. 


Operational  use  would  dep>and  e<a  tbg  useful  clo-ii  duration  and  the 
coverage,  i.e.,  the  area  of  passible  surveillance.  This  will  be  discussed 
in  detail  in  the  next  section. 


EI$CaJE0?«  eLOiS  TEOMOl-O'-Jf 

Electron  cleo.!.  releases  at  altit^Aieg  near  ICO  kn  is  a  well  developed 
and  well  explored  tsc>4iOl  »gy.^"i7  F-xtKJslve  work  has  been  done  xmder 
Fi^oject  Firefly.  The  psylofcd  release  is  accomplished  with  a  high  explosive 
which  heats  up  the  cesium  in  the  payload  producing  centerpoint  electron 
densities  of  the  order  of  10^  electron/cc  for  a  i^ayload  of  18  kg.  The 
clouds  have  been  probed  with  frequencies  from  3  MBZ  up  to  150  MHZ  regularly. 
The  duration  of  radar  ecl»®s  vaxy  fs^m  two  hours  at  the  lower  frequencies 
to  a  few  seconds  at  I50  MIE.  Much  work  has  been  done  at  three  frequencies, 
30  MHZ,  50  MIE,  and  150  MHZ.  For  nighttime  releases,  ciovid  durations  from 
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6-10  minutes  are  regularly  obseirved  at  30  and  50  During  the  daytime; 

electron  densities  are  enhanced  1:^  photolonlsation  of  the  cesim  by  solar  flum; 
and  regular  durations  observed  are  of  the  order  of  30  minutes  or  more  at 
30  MBZ  and  50  MHZ.  The  rettuns  at  150  MHZ  are  of  a  few  seconds  duration  both 
day  and  night. 

The  extent  of  a  possible  surveillance  area  is  not  known  precisely  but 
results  from  Project  Red  Lamir”  and  Project  Firefly  can  give  an  estimate. 

In  Project  Red  Lamp  the  electron  cloud  release  was  made  at  120  km  at  2:00  A.M. 
L.S.T.  and  was  examined  in  detail  dtulng  the  period  of  initial  expansion 
(approximated  0.5  sec)  by  both  monostatic  (backscatter)  and  bistatlc  (forward 
scatter)  C.V.  radars  in  the  HP  band.  One  third  of  a  second  after  release, 
all  observers  (forward  and  backscatter)  reported  cross  sections  of  about 
1  X  10^2;  indicating  an  initial  spherical  expansion.  The  locations  of  the 
observing  sites  indicated  that  the  minimum  radius  of  ground  coverage  was 
about  200  nmi  (37O  km)  in  all  directions  for  a  total  effective  surveillance 
area  of  120,000  nmi^  or  430,000  km^.  These  values  do  not  imjCLy  that  the 
effective  area  seen  by  monostatic  backscatter  radar  would  be  as  large.  They 
only  indicate  that  widely  dispersed  radar  receiving  stations  obtained  signals 
of  sufflcleiit  strength  for  a  crude  cross  section  calculation.  The  geometrical 
configuration  of  the  receiving  sites  involved  both  backscatter  and  side 
scatter.  After  initial  expansion  the  cloud  was  observed  to  esgpend  slowly 
and  reached  its  largest  value  a  few  minutes  after  release  but  the  details 
were  not  investigated.  A}.though  the  release  was  made  near  the  least  optimum 
time  of  day  (2:00  AM  1ST)  and  not  at  the  optimum  altitude,  substantial 
returns  directly  from  the  clotid  were  observed  on  both  backscatter  and  side 
scatter  modes  for  a  x>eriod  of  minutes  after  release. 

Scatter  from  a  spherical  clotrd  leads  to  ambiguities  in  range.  If  the 
cloud  is  deposited  in  the  100  km  region  (the  optimum  regLot^  determined 
experimentally)  where  the  wind  shears  are  strong  then  after  initial  expansion 
the  longer  lasting  parts  of  the  cloud  will  more  and  more  resemble  a  flat 
plate  so  that  the  scattering  in  the  forward  directicm  will  be  favored  over 
that  la  other  directions.  Experiment  bears  this  out 3,14  The  relatively 
"flat"  plate  comes  from  the  fact  that  below  90  km  altitude  or  so  recombi¬ 
nation  quickly  depletes  the  electron  clovtd  and  above  110  km  altitude 
pressure  equilibrium  leads  to  low  densities  and  the  cloud  dissipates  more 
quickly,  ih^riment  also  bears  this  out.^3  Optimum  electron  cloud  altitude 
has  been  fotmd  to  be  ai^roximately  100  km  +  5  4m. 

Forward  scatter  HF  ocHoitunicatlons  e^^riments  under  Project  Firefly 
can  give  an  estimate  of  the  effective  survelxlance  area  provided  by  an 
electron  doud  after  initial  expansion  has  taken  place. 

In  these  experiments,  one  transmitter  of  1  kw  average  power  was  used 
in  conjunction  with  several  receiving  stations  positioned  at  ranges  up  to 
1800  nmi  in  front  of  the  transmitter  and  at  various  angles  from  the  a»lmuthal 
beam  boresight  direction.  When  the  electron  cloud  was  released  at  100  km 
altitude  at  about  200  nmi  in  front  of  the  transmitter,  receivers  in  the 
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direct  patii  received  tue  best  aigpals.  Substwitial  sigiais  have  been 
received  stmultsiaeously  at  nmi  and  l^KX)  ami  from  the  transmitter  via 
the  electron  cloud.  Occasional  sisals  vere  received  up  to  l800  iX 
range  from  the  transmitter.  Receivers  located  at  e<ixjal  ranges  witi-*-.: 

+  10°  from  the  boraaight  direction  received  substantially  the  same 
signal  strength  from  neai*ly  below  the  cloud  out  to  800  nmi  range. 

Receiving  stations  which  were  more  than  30°  aws^r  from  boreslght  received 
signals  considerably  lower  in  amplitude  (approx.  20  db)  than  those  within 
the  10°  region. 

These  experiments  give  an  estimate  of  the  effective  area  of  forward 
scatter,  i.e.,  the  area  below  and  beyon/i  the  electron  cloud.  Using  the 
10'®  bsamwldth  and  the  distances  indicated  above,  a  crude  estimate  of  the 
effective  surveiUaacfe  area  would  be  l60,00D  icileg^  or  eq,uival€nt  to  a 
400  mile  square.  The  effective  beamwidth  supplied  by  the  cloud  will  not 
vary  appreciably  with  fr“e(iuency. 

Electron  cloud  duration  is  strongly  dependent  on  release  altitude. 

The  release  must  tahe  place  between  95  and  105  Iok  altitude  for  maximum 
duration.  Currently  there  are  two  methods  of  boosting  the  payload  to 
this  altitude  and  both  metj:x>ds  have  p-iwen  to  be  highly  reliable. 

The  trsditioaal  method  is  to  use  a  two  stage  rocket  like  the  Nike- 
Apache  or  Kike^CJaJun.  The  specific  type  of  rocket  used  depends  on  the 
peylosd-altitude  rj-quiranents  as  well  as  the  availability  of  the  rocket. 

A  newer  methrjd  of  attairriag  proper  altitude  is  by  the  tase  of  the 
Project  B^rp  technique  in  which  the  payisja?.  is  fired  from  a  gun. 23 
Suitable  electron  cloud  payloads  and  many  equivalent  payloads  have  been 
successfully  tested  on  a  regular  basis  at  the  Barbados  sits  which  uses 
a  16  inch  Ravy  gun  for  payload  launches.  The  advantages  of  using  the 
16  inch  gun  are  improved  repeatability  and  low  cost. 

Bi  the  proposed  eaqperlaent  no  operational  I6  inch  gun  is  close 
enough  to  the  operational  radar  to  be  of  any  u^e. 

•  (m  Wallops  Island  currently  a  J  inch  gun  Is  being  tested  for  :i^acing 
10  lb.  psyloMs  at  100  km  altitude.  This  gun  has  a  barrel  length  of  about 
60  ft.  which  is  too  long  for  shipboard  use.  There  are  in  existence 
shipboard  rocket  launchers  which  could  be  used  for  the  cesium  payload* 
Wallops  lolaad  lies  close  to  both  the  KRL  rsdar  and  the  I.T.T.  radar. 
Wallops  Island  can  also  be  used  as  a  rocket  launch  site. 

It  Is  proposed  that  several  I8  kg  payloads  be  obtained  and  laimehed 
via  rockets  from  Wallops  Island  at  night.  If  the  7  l^ach  gun  goes  into 
successful  operation,  then  suitable  payloads  can  be  acq'iired  aid 
advantage  taken  of  the  low  cost  of  use  of  the  gun.  It  is  suggested  that 
airline  schedules  and  ship  schedules  in  the  vicinity  of  Bermuda  be 
acquired,  since  airplane  detection  can  be  used  as  a  type  of  calibration 
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8l0Uil  ligr  tbe  URL  ?adar.  The  payload*  should  he  launched  preferably  at 
nle^  to  take  advantage  of  the  lov  noise  conditions.  Since  the  effective 
hesanrldth  of  the  cloud  doesn't  change  with  frequency^  the  highest  possible 
frequency  in  the  EF  band  should  be  tised  to  further  take  advantage  of  the 
noise  conditions.  This  can  be  done  also  during  the  daytine,  if  one 
chooses  to  take  advantage  of  the  longer  cloud  life  that  the  daytlne, 
provides.  At  the  hl^er  frequencies  the  daytime  D  layer  losses  would  cause 
no  probleauto  A  launch  asimuth  toward  Benr'da  is  suggested  since  air  traffic 
can  be  used  as  a  calibration,  and  ship  traffic  can  be  used  as  targets  and 
there  is  a  possibility  of  denectlng  the  islands  themselves. 

Fe^loads  can  be  provided  by  Space  Bata  Ck>rporatlon  of  Fhoenls^ 

Arleona.  The  total  cost  of  acquiring  and  firing  a  payload  via  rocket 
launch  is  approximately  ^0^000  per  payload.  Probablllly  of  total  success 
is  about  80^.  Mr.  Edward  AUen  of  Space  Bata  dalms  that  the  payloads  can 
be  stored  indefinitely. 

For  the  gun  launched  payloads^  the  total  cost  is  approximately  $2500 
with  a  probablli'^  of  success  near  90)6  for  the  l6  inch  Barbados  gun  and  a 
yet  to  be  determined  figure  for  the  7  iach  gun  at  Wallops  Island. 

When  the  7  i^oh  gun  can  be  used  successfully^  then  the  10  lb  -  20  lb 
payloads  should  be  suitable  for  further  tests^  especially  in  the  daytime 
when  the  electron  densl-^  becomes  enhanced. 

on  the  other  hand  if  a  smaller  effective  beamwldth  is  desired  for 
study  purposes^  then  perhaps  the  smaller  payloads  would  he  suitable. 

SUMHm  OF  OBJSCTBES 

In  summaiy>  a  major  objective  of  this  experiment  would  be  to  determine 
the  radar  characteristics  of  a  ship  in  an  OSE  mode  taking  into  account 
aspect  anc^e  and  polarization  without  the  added  complexities  of  ionospheric 
motion.  This  would  have  the  two-fold  result  of  measuring  the  feasibility 
of  such  detection  as  well  as  providing  a  recognizable  si^iature  if  successful. 

Another  major  objective  woxjld  be  to  extract  features  unique  to  the 
specific  backscatter  clutter  to  determine  whether  or  not  it  is  from  land  or 
sea  and  whether  or  not  specific  large  geographical  features  can  be  recogclzed^ 
l.e.j)  mountain  ranges  or  large  bodies  of  water;  cities,  etc.;  hy  both 
anqplitude  and  doppler  analysis. 

A  third  objective  of  such  an  experiment  would  be  evaluation  of  the 
technique  in  terms  of  an  operational  ocean  surveillance  system.  Because  its 
usefulness  extends  far  above  the  BF  region  (more  than  50  MBZ)  and  because  it 
can  be  used  at  night  as  well  as  daytime,  the  lower  noise  levels  at  the 
hl^er  frequencies  make  it  attractive. 
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SOME  OJERA3JIONAL  GONSIDERATICWS 

For  ships  at  sea  which  can  cany  suitably  sized  guns,  payloads  can  be 
acquired  and  launched  from  the  ships  at  sea  for  purposes  of  communication 
or  for  siirvelUance.  A  modest  sized  radar  located  on  the  ship  designed  for 
operation  near  or  above  30  MHZ  could  be  used  for  over-the>horlzon 
sxurvelUance  or  communication  up  to  several  hundred  miles  from  the  ship. 

In  such  a  case  the  skip  distance  would  no  longer  represent  a  limitation 
to  coverage,  since  the  cloud  can  be  released  nearly  overhead  to  detect 
targets  just  beyond  the  horizon  as  well  as  at  longer  ranges. 

Alternately  a  shore  based  radar  could  use  the  ship  launched  cloud 
ixidependently  of  or  simultaneously  with  the  ship's  radar  for  surveillance 
or  communications  at  longer  ranges. 

Such  an  electron  cloud  covild  also  be  used  with  a  veirtical  polarized 
ground  wave  radar  to  provide  continuous  coverage  from  zero  range  out  to 
several  hundreds  of  miles. 

Finally,  if  initial  stxadles  are  moderately  successful,  consideration 
should  be  given  to  similar  releases  in  the  auroral  zone,  for  example,  from 
Ft.  Churchill,  for  detexminlng  if  radar  capability  and  communications  can 
be  lnqproved.  Direct  examination  of  the  cloud  with  a  pulse  backscatter 
radar,  even  at  long  range  should  be  able  to  detect  cloud  behavior  which 
would  indicate  the  further  steps  to  be  taken. 
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